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Prescriptive based design requires understanding of global structural behaviour, furnace test results etc no longer good enough.  This means global modelling of structures is required:
1 Why?

Ambient temperature analysis and design for static loads (including wind)

· Actions are mechanical loads

· These lead directly to stresses

· Stresses constant for the duration of the action

· Deflections must be small, or excessive stresses and/or serviceability failure result
· This allows for individual member analysis (generally true, overall stability etc needed)
· Note: redundant structures often use a degree of global analysis – portal frames etc.
Fire analysis and design

· Actions are temperatures (heat fluxes?)

· These lead to stresses varying over the duration of the action and…
· …thermal expansion resulting in large deflections at low stresses - not necessarily failure.

· Individual member analysis therefore not possible because forces transferred between members change during action and…
· …large deflections can not be represented well in an individual member analysis due to changing (and uncertain) support conditions.
· This all implies global modelling

Statement of when global modelling essential and when local modelling suitable.
2 Important Features and Good Practice
· Modelling of structures in fire a challenging task

· Many nonlinear phenomena

· At limits of what is possible with current software

· Consideration must be given to all of the following points for a reliable analysis to result

· Results can be counter-intuitive – distinguishing between errors and unexpected effects difficult.
2.1 Software

· Choice between commercial software: Abaqus, Ansys, Oasys etc…

· …and research based codes Vulcan, Safir etc

· Commercial codes faster, better validation and verification (perhaps needed for checking authorities), can be used for modelling other problems.  But very expensive and blackboxes

· Research codes cheaper, dedicated to fire, code (or nature of code) easily accessible.  But less able to cope with very large problems
2.2 Geometric Nonlinearity

· Vital.  
· Large deflections play an important role in almost all structural fire problems.

· No analysis will be reliable without consideration of geometrically nonlinear effects.
2.3 Static/Dynamic Modelling

· Until recently almost all modelling undertaken using static codes

· Approach sound as inertia effects small until failure

· However, local buckling often leads to numerical problems early in the analysis.

· This does not necessarily indicate failure because probably displacement controlled

· Dynamic modelling very powerful and does not suffer from stability problems (much!) and can model failure process as inertia effects included.

· Care needed as only conditionally stable.

· Wise to conduct both types of analysis and compare results.
2.4 Material Modelling

2.4.1 Steel

· Fairly well-behaved and well understood

· Stress, strain, thermal expansion data all widely available eg Eurocodes.
2.4.2 Concrete

· Complex material behaviour not fully understood at high temps (or ambient temps?)

· Different behaviour in tension and compression must be modelled

· Representing crushing and cracking numerically difficult

· Smeared cracking and approximations may be possible if details of local behaviour will not affect global response…

· …mostly true of steel-concrete composite type structures.  Validity for other structural forms less clear

· Research area, much to be done
2.5 Loads and Boundary Conditions

· Good estimate of temperatures and temperature gradients needed (huge topic in its own right)
· Boundary conditions should be used with care.
3 Current possibilities
· Modelling of steel structures

· Modelling of composite structures e.g. Cardington

· Modelling of collapse e.g WTC modelling

· Design of composite structures e.g. Arup projects

· Should include a wider perspective here – Ian’s and Jean-Marc’s projects and others
4 Future needs and current limitations?
· Modelling of local effects not currently included in models: connections, shear stud behaviour, effect of web openings need to be included without killing the model

· Concrete behaviour (need test data, agreement on constitutive models)

· Cooling (in hand)

· Travelling fires
5 Benchmarking Problems 

· Benchmarking problems would be useful if new codes are being used or for new practitioners to establish they are producing good models.
